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1. The ebonite electromachines, when ~onstructed with 
ebonite of good quality~ are at least equal to the best machines 
with glass disks in regard to their action; but they surpass 
them by  their relatively small expens% nonfrangibility~ and 
permanent electric condition. 
2. The double electromachine constructed by me is a very 
powerful arrangement for producing electricity in great quan- 
tity~ as well as of great tension. 
3. The substitution of ebonite for glass disks not only de- 
serves attention because the usefulness is enhanced, but also 
because new data are acquired, which may be of great interest 
for the complete heory of electroniachines. 
The Hague, March 1876. 
XLI I I ,  On Salt Solutions and Attached Water. 
By FREDERICK GUTHRIE. 
[Continued from p. 60.] 
IV. 
Separation of Ice, or of a Hydrate, or of the Anhydrous Salt, 
from solutions of Salts below 0 ° C. 
§ 123. -~TERY many determinations have been made of the 
¥ solubility of various salts in water at tempera- 
tures ranging from 0 ° C. to the temperature of ebullition of 
the saturated salt solution. To Gay-Lussa% to Kremers, to 
Regnault~ and others are due several series of exact determi- 
nations in this direction of research. But the examination of 
the phenomena of solidification which take place in salts of 
certain strengths at temperatures below 0 ° C. has suffered 
comparativ% almost complet% neglect. And this appears to 
have arisen partly from the circumstance that it has been 
asserted by some philosophers~ and denied by others entitled 
to equal respect~ that when a solution of a "salt helow 0 ° C. 
begins to solidify by loss of heat~ the solid formed is pure ice. 
It has been my ~privilege to reconcile the opposing views by 
the discovery of the fact which I trust now to have fully estab- 
lished~ that when a salt solution which is already any fraction 
of a degree below 0 ° C. is cooled~ one of three things must 
happen ; and which of them happens is determined with the 
same salt by the strength of the solution. 
1. In all solutions weaker than the cryohydrat%ice is formed~ 
at temperatures which are lower according as the solution is 
richer in salt. 
2. In solutions of a certain strength (namely that of the cryo- 
hydrate)~ combination of the salt and water take place in defi- 
nite ratio and at a constant temperature. The solution is there- 
fore a melted cryohydrat% and solidifies as a whole. 
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3. When solutions tronger than the cry0hydrat% below 0 ° 
C.~ are cooled~ either the anhydrous salt or some hydrate richer 
in salt than the cryohydrate separates. 
It follows that the cryohydrate may~ and indeed must inevi- 
tably be reached both by cooling a solution weaker than the 
cryohydrate (ice separates, the solution strengthens i the tem- 
perature sinks)~ and by cooling a solution stronger than the 
cryohydrate (anhydrous salt or a hydrate richer than the cryo- 
hydrate separates, the solution weakens, the temperature sinks): 
Assuming as a fact that which will be abundantly proved, 
namely that every salt which is soluble above 0 ° C. is also 
soluble below 0 ° C. (we shall see that there is even no quantiZ 
tative_ discontinuit_ y at 0 ° C. in the solubility)j, it follows immedi- 
ately that a solution of any degree of strength whatever gives 
rise on cooling, sooner or later~ to a liquid which remains unso- 
lidified until the proper ratio and temperature is reached, and 
then solidifies in that constant ratio and at that constant em- 
perature. From a solution of the strength of the cryohydrato 
nothing separates until the proper temperature is reached. 
And then, however apid the absorption of heat may be. the 
temperature never sinks lower until solidification is complete. 
§ 124. I propose in the present communication (1) to trace 
the history of solutions weaker than the cryohydrates a  they 
yield ice on cooling, and (2) to examine the separation of an- 
hydrous alts or hydrates richer than the cryohydrates when 
solutions richer than the cryohydrate are cooled. With regard 
to the first of these branches of inquiry, the only experiments 
in this direction which I have described are those relating to 
chloride of sodium in § 107 and those concerning spirits of 
wine in § 96. 
A solution of a salt below 0 ° C. which is stronger than the 
cryohydrate, may be viewed as a solution in the cryohydrat% 
either of a hydrate richer than the cryohydrate or of the anhy- 
drous salt. A solution of a salt below 0 ° C. which is weaker 
than the cryohydrato may be properly regarded as a solution 
of ice in the cryohydrate. A solution of chloride of sodium 
stronger than its cryohydrato may be also regarded as a solu- 
tion of the subcryohydrate, NaC1 2 H~ 0 (?)~ in the cryohydrate 
(§ 15). 
Just as a iven weight of water dissolves at temperatures 
g . ' ° , 
above 0 ° C.~ with rare exceptions, more of a salt the higher 
the temperature, soa given weight of the cryohydrate dissolves 
more ice at higher temperatures, below 0°C., than at lower 
ones. The weaker a given weight of a salt solution below 0 ° 
C. is, the smaller is the weight of the c~yohydrate in it, and 
accordingly the l ss is the Weight of ice ~ hich the given weight 
2B2 
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of solution is capable of dissolving. Experimentally, this ap- 
pears in the results of all my experiments to be described below, 
that the stronger a solution of any given salt is (being weaker 
than the cryohydrate), the lower is the temperature below 0 ° 
C. to which it must be brought in order to yield ice ; and the 
stronger a solution of any given salt is (being stronger than 
the cryohydrate), the less need its temperature b depressed in 
order to yield the anhydrous salt, or a hydrate richer in salt 
than the cryohydrate. And, as before stated, the latter kind 
of separation is quite continuous with the separation of such 
bodies at temperatures above 0 °, such as is exhibited in the 
ordinary Tables of solubilities referred to in § 123. 
§ 12"5. Almost all the numerical results are represented 
graphically in fig. 1. The abscisste are in all cases the per- 
eentages of the anhydrous salt in the water. The ordinates, 
- -  or +,  are the temperatures Centigrade below or above 0 ° 
C. at which solid matter begins to separate on cooling the solu- 
tion. The point of reflexure (that is, the lowest point of each 
tracing) shows the temperature at which the particular cryo- 
hydrate is formed~ and also the percentage of anhydrous salt 
in the cryohydrate. The left-band branches of the tracings 
exhibit he temperature at which ice separates from solutions 
of the respective salts of the corresponding percentage compo- 
sition. The right-hand branch of each tracing shows the tem- 
peratures at which the anhydrous salt or a hydrate richer than 
the cryohydrate is separated. The parts of these branches 
above the zero-line show the ordinary solubility of the same 
salts above 0 °, The figure is reduced from my drawing~ in 
which the percentages and tenths were centimetres and milli- 
metres ; and the degrees C, and their tenths were also centi- 
metres and millimetres, The actual observations: being dotted 
off, were joined by straight lines. 
§ 126. General remarks on the experlments.--Whenever 
possibl% the solutions of the salts examined were made by dis- 
solving weighed quantities of the anhydrous pure salt in quan- 
tities of water measured from a ]Yfohr's burette. The grammes 
and centimetres were those of the percentages ; that is, to form 
a 20-per-cent. solution~ 20 grins, of the salt and 80 cubic cen- 
rims. of distilled water were employed. Now and then a con-~ 
trol mixture formed by weighing only was examined ; but it 
appeared that the sources of error introduced by measuring 
instead of weighing the water were vanishingly small com- 
pared with the unavoidable errors of observation, otably those 
mentioned in the next paragraph. 
Supersaturation.--~Tith every salt solution from which we 
wish to get solidification by means of cooling, we have to guard 
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agahlsi~sapersaturation. The notion that in order to start the 
crystallization of a supersaturated solution crystals xnus/~.~be 
present in the air identical in Chemical kind with those ro~kly 
to be formed in the solution, seems to be disproved by the fact 
hat supersaturation in regard to fee is of the very commones/; 
occurrence. In  many cases a salt solution which should yield 
ice at a temperature -- t ° refuses to do so until -- (t ° + 5 ° or 6 °) 
is reached ; then ice-crystals are formed through the mass and 
the temperature ises. Although we may indeed imagine ic .- 
crystals to be floating in the air about he surface of the c~yo- 
gen, we can scarcely conceive these microscopic rystals to 
travel unmelted through the surrounding air~ which may be at 
10 ° or 15 ° C., so as to reach the liquid. And if it be argued 
that the origin of the ice-crystals may be at or near the Surface 
of the salt solution in the experimental tube, I reply that crys- 
talliz~ipn from a ~ supersaturated solution occurs both when it is 
covere~t:with a layer of oil and when only the lower part of 
such a solution is acted on by the cryogen. 
• Method o.fobservatlon.--Since the separation oflce strengthens 
the solution~ it is necessary to determine the temperature of 
the very beginning of the ice-formation. The salt solution is 
cooled in a test-tube until some ice is  formed ; this is very 
nearly completely remelted under constant stirring with the 
thermometer, and then the tube is plunged momentarily into 
the cryogen. The minute spicula of ice so formed are again 
nearly remelted. The mean of f Sur or five readings of the 
thermometer when the minute quantity of ice begins to increase 
• is taken as the true temperature of ice-formation. In order to 
save time and start the crystallization of ice in a solution which 
one has reason to suppose is supersaturated with ice, the ther- 
mometer-Bulb may be plunged into the cryogen and rapidly 
wip.efl dry, or into the mercury-cup to be described immedi- 
ately. It soon becomes clothed with a film of ice-crystals from 
the moisture of the air. These are indeed almost invisible, and 
far too small in quantity to alter the strength of the salt solu- 
tion when brought into contact with it, but amply sufficient to 
detei'mine the separation of ice if the solution be supersahlrated 
in regard to that body. 
When the tube containing the salt solution is plunged into 
the cryogen till crystallization begins and then removed, por- 
tions of the cryogen adhering to the tube may c~.  the ice- 
formation too far~ and by soiling obscure the tu'be. It is there- 
fore found convenient to have standing in the freezing-mixture 
a short wide-mouthed bottle of mercury, and for the final ob- 
servations to  plunge the tube into this and so avoid soiling. 
The solutions tronger than the cryohydrate were treated in 
a similar manner. 
For the solubilities of thevarlwas salts at 0 ° I ~kept the so]u- 
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tions, previously saturated at 12 ° C., for three hours at 0 o, and 
determined the strengths by evaporation &c., in some cases by 
determination ofone constituent by the usual chemical means. 
I find these latter determinations agree very closely with those 
of Kremers throughout. Indeed, as will be seen~ we seldom 
differ more than 0"3 per cent. For the determination of the 
temperatures above 0 ° C. at which salts and their hydrates 
separate, I have found~ contrary to my anticipations, the more 
exact method to be in most cases to warm a given weight of 
the salt with its proper percentage of water in a stoppered 
bottle till solution was effected, and then by repeated observa- 
tion find the temperature of incipient crystallization, rather 
than attempt o keep the water and salt for a length of time at 
a constant emperature and then determine the strength. The 
latter method, however~ is of course especially available for 0 ° 
and 100 ° C. 
§ 127. Separation of Ice, of Subcryohydrate and of NaC1 
.from solutions of that salt.--The following Table (XVI.) 
shows the temperature below 0 ° C. at which ice begins to be 
separated from solutions of common salt of different strengths. 
In  selecting these strengths I have chosen several close to the 
critical points, namely to that of distilled water~ to that of the 
c r~ohydrate, and to that of saturation. And in the case of 
other salts I hay% as far as possible, examined solutions of the 
same percentage-weight strengths. The ascent (see fig. 1. 
NaC1) is so steep from the cryohydrate to 0 ° C. that I'have 
only been able to introduce one observation. As my deter- 
mination for 0 ° C. was 26"27 (§ 11), and Poggiale's was 26"28, 
I have no hesitation i  adopting Poggiale's for + 25 ° and + 40 °. 
TABLe, XV I .  
NaC1 
per cent. by 
weight. 
7 
lO 
13 
15 
16 
19 
20 
22 
23"6 
25 
26"27 
26.5 
26'8 
• H 2 0 
per cent. by 
weight. 
99 
98 
97 
96 
93 
90 
87 
85 
84 
81 
80 
78 
76"4 
75 
73"73 
73"5 
73"2 
Temperature 
Centigrade at 
which a solid Nature of solid. 
is formed. 
- -  0-3  I ce .  
- -  @9 , ,  
- -  1-5 
- -  2"2 ,, 
- -  4"2 
- -  6"6 
- -  9 '1  
--11"0 
--11"9 ,, 
--15.5 ~J  
--17"0 
--20'0 
--22"0 Cryohydrate. 
-- 12-0 ] Subcryohydrate. 
0"0 f Na01. 
+25"0 ,, (Poggiala). 
+40"0 ,, (Poggiale). 
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This Table is to be regarded as replacing Table VI. in § 10 
as far as the two are comparable. I bracket the subcryohy- 
drate and the NaC1 together, because the range of ratio is so 
small for a great temperature-difference that l  cannot at pre- 
sent undertake to say within two or three degrees the tempe. 
future-range peculiar to each body. 
§ t28. ~eparation of Ice or Anhydrous Chloride of Ammo- 
nium from solutions of that salt.--The following Table (XVII .)  
shows the temperature of solidification of solutions of NH~ Cl 
of various strengths. 
NH 4 C1 
per cent. by 
weight. 
1 
3 
5 
7 
10 
13 
15 
it; 
17 
18 
19 
19"27 
20 
2"2 
23"2 
25 
30 
TABLE XV I I .  
It~ 0 
per cent. by 
weight. 
99 
97 
95 
93 
90 
87 
85 
84 
83 
82 
81 
80-f3 
8O 
78 
76"8 
75 
70 
Temperature I 
Centigrade atj Nature of 
which sotidifi- I solid. 
- -  0"4  t I ce .  
- -  1 -6  [ , ,  
- 3" !  
- -  4"6  
- 7"1 
- -  9"9 
--12"0 
--13"0 
- -  14 '0  
--15"0 
--15"8 
16"0  
--15 
- -5  
0 
+8 
W32 
~t 
Oryohydrate. 
NI:I~ C1. 
y~ 
It will be seen that I make now the solidifying-point of the 
eryohydrate --16 instead of --15. This agrees with its tem- 
perature as a cryogen. The tracing of ~NHa C1 in fig. 1 is 
seen to pass through the 0 ° line without deflection. LiMe the 
NaC1 line it has a point of contrariflexure, but not so near the 
cryohydrate as with the latter salt. The determination at 0 ° C. 
was derived from the analysis, 12'1852 of the liquid gave 
2"7721 of NH4 C1. 
§ 129. SeTaration of Ice or Anhydrous 2Yitrate of_Potasslum 
from solutions of that salt.--Nitrate ofpotasslum being far less 
soluble below 0 ° C. than the two preceding salts, and its cryo- 
hydrate not differing much from the saturated solution at 0 °, 
I have not attempted to get any temperature-values b tween 
the two ; but I have carefully followed the form of the tra- 
cing up to the cryohydrate, and also above 0 °. 
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TABLE XVI I I .  
KNOa 
per cent. by 
weight. 
I 
2 
3 
4 
5 
7 
8"-~ 
10 
!1"2 
12 
13 
15 
20 
25 
35 
40 
H 2 0 
per cent. by 
weight. 
99 
98 
97 
96 
95 
93 
91 "5 
90 
88"8 
88 
87 
85 
80 
75 
65 
60 
Temperature 
Centigrade at 
which solidifi- 
cation begins. 
--0"3 
--0"7 
--1"1 
--1"5 
--2"2 
--2"6 
--2"9 
--3"0 
0"0 
+2"0 
+6-0 
4-14.o 
q-21.o 
+350 
+41-o 
Nature of 
solid. 
1co. 
Cryohydrate ~ 
KNO a. 
The composition at 0 ° C. was derived from the analysis by 
evaporation of 11"8050 grms., which gave 1"4166 of K~O~, or 
12 per cent. (Gay-Lussac found 11"68). 
§ 130. Separation of Ice and Hydrate of CaCI2 from solu- 
tions of that salt--Althou h troublesome to manipulat% I pre- • g 
ferred to make the solutions by weighing the anhydrous chloride. 
TABLE X IX .  
CaCI~ 
per cent. by 
weight. 
1 
2 
3 
4 
5 
7 
10 
15 
2O 
28 
36"45 
39 
45 (Gerlach) 
H20 
per cent. by 
weight. 
99 
98 
97 
96 
95 
93 
90 
85 
80 
72 
73"5 
61 
55 
Temperature 1 
at which soli- 
dification 
~gins. 
32 
0"5 
!' i  
1"6 
2"1 
3"3 
5"5 
10'5 
17"5 
27"5 
37 
0 
15"5 
Nature of solid. 
][CO. 
w 
Cryohydrate. 
Unknown hy~'~t~. 
Cael~+6H20. 
I have adopted the temperature --3 °, after a long series of experiments, 
instead of -~'6, which is given in Table X. 
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The determination at 0 ° C. was made by estimating the 
chlorine as chloride of silver. There is such little difference 
between the composition of the cryohydrate and the hydrate 
separated at 0 °, that I have been unable to estimate he com- 
position at intermediate temperatures. There is no evidence 
of the formation of any other hydrate thah the one usually 
regarded as containing six molecules of water• On account 
of the difficulty of exactly measuring such low temperatures a
are here concerned at the maximum, I have less confidence in 
the exactness of the form of the tracing of this salt than of an)" 
other. 
§ 131. Separation of Ice from a solution of Jr[ffdrochloric 
Ac/d.---Although I have made a separate study of the hydrogen 
salts of several of the acids, I may here adduce one instance, 
namely that of hydrochloric acid, in order especially to com- 
pare the forms of the temperature-curve of a body which is, as 
far as we know, without a cryohydrate *, with'the curve-forms 
of metallic salts, all of which have cryohydrates within the 
range of artificial cold. 
By a silver determination I found that 3"2726 grms. of a 
pure acid contained 1 grin. of HC1 and 2'7734 grms. of water. 
From this acids of unit percentage weights were formed. 
TABLE XX.  
]~C1 H 2 0 
per cent. by per cent. by 
weight, weight. 
1 99 
2 98 
3 97 
4 96 
5 95 
6 94 
7 93 
8 92 
9 91 
10 90 
12 88 
14 86 
16 84 
I G test 
, cold as 
cryogen. 
o 
--2-0 
--2.6 
--4"0 
--4"6 
--4"9 
--6"2 
--7"6 
-8@ 
Temperature 
st which soli- 
dification 
begins. 
- ~ .7  
- -  2"0 
- -  3"6 
- -  5"3 
- -  7"0 
- -  9"0 
--!1'5 
- -  14'0 
.17"0  
--20"5 
.27"0 
--35"0 
.45"0 
Nature of 
sohd. 
I ce .  
J~ 
~D 
~t 
~p 
lp 
Jl 
The tracing of these values is shown on fig. 1, and may 
be compared with that of spirit of wine derived from the 
nmnbers ~iven in § 96, Table XI. In neither tracing is there 
any decided indication of contrariflexure, although the spirit- 
*A  cryohydrate  o f  HC1 has recent ly  been described by a French  
chemist. 
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of-wine tracing passes through its cryohydrate. In the centre 
column of Table XX. is given the greatest cold when used 
as cryogens that these acids can produce. The acid was in all 
cases at 12 ° C. The great specific heat of the water in which 
the HC1 is dissolved prevents, of course, the attainment of the 
degree of cold equal to that necessary tosolidify a cryohydrate, 
as is the case with those true salts which do not heat on hy- 
dration. 
§ 132. Separation of Ice or Anhydrous Bromide of -potas- 
sium from solutions of that salt. 
per cent. by 
weight. 
10 
20 
30 
32"15 
33 
34 
35.03 
(Kr.) 39"7 
(Kr.) 43'2 
TABLE XX I .  
H~ 0 I Temperature 
per cent. by Centigrade at 
which solidifl- 
weight, cation begins. 
90 -- 
80 -- 7"1 
70 --12"0 
67"9 -- 13"0 
67 -- 9"8 
66 -- 5"0 
65 0 
60"3 +20 
56'8 +40 
Nature of soli 
formed. 
I ce .  
~t 
Cryohydrate. 
KBr. 
t~ 
7p 
The solubility at 0 ° was found from an experiment in which 
11"2939 grms. of solution gave 3"9566 grins, of KBr. As 
Kremers found 34"5, I have adapted his determinations at + 20 ° 
and + 40 ° by adding 0"5 to the numbers he gives. 
§ 133. Separation of Ice and Anhydrous Iodide of Potas- 
alum from solutions of that salt. 
TABLE XX I I .  
K I  
per cent. by 
weight. 
10 
'2O 
30 
40 
52'07 
55"93 
(K r . )  58"9 
(Kr.) 61"4 
H20 
per cent. by 
weight. 
90 
80 
70 
60 
47"93 
44"07 
41"I 
38"6 
Temperature 
Centigrade at 
whichsolidifl- 
cation begins. 
- -  5"1 
- -  9"0 
- -  14"4 
--22 
0 
+20 
+40 
Nature of 
solid formed 
ICe .  
Cryohydrate. 
KI. 
~J 
~t 
Having found that 10"3681 grms. of the solution saturated 
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at 0 ° C. contained 5"7990 of KI ,  or 55"93 per cent., and since 
Kremers found 55"86, I have adapted his determination for 
the 20 ° add 40 ° temperatures by adding 0"1 per cent. to his 
results. The ascent of the tracing (fig. 1) between the cryo- 
hydrate and 0 ° is too abrupt for the insertion of an)- interme- 
diate value which shall be trustworthy. 
§ 134. Separation of Ice and Anhydrous Sulphate of Arnmo- 
nium from solutions of that salt.--The salt was dried at about 
100° C., finelypowdered, kept at 100 ° C. for ten hours, and 
kept for three days and nights in an exhausted recei~ er ¢)ver 
sulphuric acid. 
TABLE XX I I I .  
(NH~)~ SO, 
per cent. by 
weight. 
|0 
20 
28"6 
40 
41"7 
4!"9 
H.S.) 43'2 
H~O 
per cent. by 
weight. 
90 
80 
71"4 
60 
58.3 
58"1 
56.8 
Temperature J" 
Centigrade at I Nature of 
which.~olidifi- I solid formed. 
cation ~gins. 
- 2"6 ] Ice. 
- 6"0 [ ,, 
--10"8 ,, 
--160 
-- 17"0 Crvohydra~. 
0"0 (NH4)  ~ SO~. 
+19"0 ,, 
I have for the temperature 19 ° adopted H. Schiff's deter- 
mination. Of all the salts which I have examined, the sul- 
phate of ammonium shows in its tracing the greatestpzCeipi- 
tousness in its ascent fl'om the cryohydrate to the 0 ° C. ratio. 
It  is in this region undoubtedly very nearly a straight line. 
The solubility at 0 ° C. was found from the data, 13"-2512 of 
the solution gave 5"5522 of the salt obtained anhydrous by the 
means mentioned above. 
§ 135. Separation of Ice or _N'itrate of Ammonium from solu- 
tions of that salt.--The nitrate of ammonium used was dried at 
100 ° C., finely crushed, and heated to incipient fusion; it 
ceased to lose weight but showed no trace of the nitrite. In 
the determination Of the solubility at 0 ° C. i twas treated in 
the same manner. 
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TABLE XXIV .  
NH 4 NO 3 
per cent. by 
weight. 
10 
20 
30 
41) 
43"7 
47 
51 
54"1 
Kar.) 66"5 
H~O 
per cent. by 
weight. 
90 
80 
7O 
6O 
56-3 
53 
49 
45"9 
43.5 
Temperature 
Centigrade at 
which solidifi- 
cat ion begins. 
- ~.5 
- -  7"0 
- - i l .5  
--17.0 
- -  17"2 
- -  ! 2"0 
- -  5 -7  
0'0 
+lS . I  
Nature of 
solid formed. 
Ice. 
Cryohydratc, 
NH 4 NOv 
~v 
The solubility at 18°'1 is the observation of Karsten. The 
shape of the tracing of this salt bears a remarkable r semblance 
to that of nitrate of potassium (see fig. 1). The gradual 
slope of its right-hand branch enabled me to insert two deter- 
minations there. Also noteworthy is the comparison between 
the tracing of this salt and that of the sulphate of the same 
base. Running together with near coincidence down to their 
cryohydrates, which are nearly identical in temperature and 
not far apart in percentage of salt~ the one rises more abruptly 
than any other curve; the other is, with one exception, the 
most gradual. 
§ 136. Separation of Ice and Hydrated Sulphate of Magne- 
sium from tile solutions of that salt.--The analysis of crystallized 
sulphate of magnesium in regard to its water by direct estima- 
tion is rather unsafe, on account of the high temperature - 
quired to drive off the last traces of water, and the decomposi- 
tion of the salt at a somewhat higher temperature. I there- 
fore determined the sulphuric acid in a sample of the sulphate 
I was about to use, and found that it was nearly the so-called 
hepthydrate. The determination f the solubility at 0 ° C. was 
also derived from a sulphuric-acid etermination. Taking 
every 1"96 grm. of the crystallized salt as containing 1 grin. 
of MgS04, the following solutions were examined :--  
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TABLE XXV.  
MgS04 
per cent. by 
weight. 
5 
10 
15 
20 
21"86 
21 "9 
25 
30 
H a O 
per cent. by 
weight. 
95 
90 
85 
80 
78-14 
78"1 
75 
70 
Temperature 
T at which 
solidification 
begins. 
- -  1"5 
- -  3"0 
- -  4"8 
- -  5"0 
e.0 
4-15'0 
4..31"0 
Nature of 
solid formed. 
~[~.  
Cryohydrate. 
~IgSO,4.7 Ha O. 
p~ 
yP 
As my determination of the solubility at 0 ° C. (21"9) differs 
considerably from some of those given by others (Gay-Lussac 
20"5, Graham-Otto 20"5, Pfaff 21"9), I determined for myself 
the solubilities above 0% 
§ 137. Separation of Ice or Cryohydrate or Anhydrous ~ri- 
trate of Silver from a solutiort of that salt.--I have not yet de- 
scribed the temperature and composition of the cryohydrate 
of this salt. A solution saturated at 0 ° C. and further cooled 
gives rise to an abundant crop of iridescent scales, which on 
examination prove to be the anhydrous nitrate. This continues 
till --6°'5, when the opaque cryohydrate is formed. The solu- 
tion, however, is particularly prone to double supersaturation. 
A solution may sometimes be cooled to --8 ° ; and during this, 
while the crystals of the nitrate fall, ice-crystals are formed 
which float. By and by the true cryohydrate is formed on the 
side of the glass ; and then both separate crystallizations cease. 
This double supersaturation is entirely prevented by introdu- 
cing a fragment of the previously formed cryohydrate into the 
mother-liquor which is being further cooled. The temperature 
remains then constant at --6°'6 to the last drop. The final 
crop being remelted gave, on analysis, the following results : - -  
14"3538 grms. gave 6"9442 grins, of AgNOa, or 48"38 per cent. 
of Ag~qOa in the cryohydrate. The cryoh.~ drate has accordingly 
the composition AgNOs + 10"09 H20. The temperature -- 60"5 . 
is obtained on employing nitrate of silver as a cryogen. There 
are few more beautiful colourless bodies than the cryohydrate 
of silver. Opaque, lustrous, and semimetallic, it is somewhat 
heavier than the liquid in which it is formed. 
Of a solution saturated at 0 ° I found that 6"3581 grins, gave 
3"5068 of the anhydrous nitrate, or 55"01 per cent. Kremers 
found 54"9 ; and accordingly I have availed myself of his deter- 
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minations for the solubilities above 0 ° C. by adding 0"1 to his 
percentages. 
TABLE XXVI .  
AgNO3 
per cent. by 
weight. 
l0 
20 
30 
40 
48'3 
50 
53 
55 
(Kr.) 69"4 
HsO 
per cent. by 
weight. 
90 
80 
70 
60 
51"7 
50 
47 
45 
30'4 
Temperature 
at which sbli- 
difieation 
begins. 
- ~s 
- -  2"7  
- -  4"7  
- -  6 '0  
- -  6"5  
- -  5"5  
- -  2 '2  
0"0  
+ 19"5 
Nature of 
solid formed. 
99 
99 
Cryohydrate. 
aglOw. 
99 
P~ 
99 
§ 138. Thoughts uggested by fig. 1.--As the whole field 
of inquiry contained below the zero-line of fig. 1 has, I be- 
lieve, remained hitherto unexplored, I am tempted to submit 
a few remarks upon it. First, of c6urse, the tracings should 
be continuous curves between 0 ° and the cryohydrates, and 
again between the latter and the boiling-point of the saturated 
solutions, and doubtless, under pressure, beyond. Further, it 
seems that the curves are all varieties of the same kind. The 
figure 2 shows what we may liken to the backbone of the 
curve, with a typical curve about it. There is no absolute 
measure of what may be called the Fig. 2. 
eccentricity of the curve, because / 
there is no common measure be- / 
tween percentage composition and / 
temperature ; both are measured in • / 
arbitrary units. But this does not / / / /  
affect he type or order of the curve's // 
equation. On the left-hand branches _ / /  
there appears to be a point of con -~ ~ //I 
trariflexure. The only apparent " ~ .  / /  
exceptions to this are KI ,  alcohol, ~ /// 
and HC1. Concerning the two lat- 
ter, doubtless we only see a fragment of their curves before 
their final cryohydrates. I f  there be such a point with K I  it 
must lie between 40 per cent. and the cryohydrate, which is 
well possible. There seems to be a point of contrariflexure 
also on the right-hand branch, though sometimes the curvature 
is so small that this point is practically obliterated. The ave- 
rage slope of descent to the cryohydrate is invariably less than 
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the slope of ascent thence to zero. Indeed every tangent to
the left-hand branch of each curve makes a more acute angle 
with the zero axis than any tangent to the right-hand branch 
of the same curve. If this be true throughout, the unknown 
right-hand branch of the tiC1 curve must be very nearly at 
right angles to the axiB of 0 ° C. There is no evidence to show 
that the right-hand branch is continuous with the left-hand. 
In the case of the halogen salts this almost appears to be di- 
stinctly shown not to be the case. If  the branches be conti- 
nuous, it appears that the colder the cryohydrate the less the 
curvature there. I f  the brar/ches be discontinuous, the colder 
the cryohydrate the more acute is the angle between the tan- 
gents at the intersection of the curves. This rule holds good 
in all cases ; but between NaC1 and KI  there is considerable 
difference of sharpness at the cryohydrate, attending identity of 
temperature. It is not the case that the deeper the valley the 
more precipitous the ascent, travelling from left to right ; nor 
is it true that the deepest valley has the widest mouth. That 
is, salts the most soluble at 0 ° do not have the coldest c ryohy- 
drates, and therefore do not form the most powerful cryogens. 
In the shape of the bottoms of the valleys (that is, the cur- 
vature about he cryohydrates) the curves of the oxygen salts 
show a likeness to one another as distinguished from the halo- 
gen salts. Considering the former by themselves, we might 
be inclined to view their two branches as being in all cases 
continuous. To settle the question decisively whether these 
curves are continuous, hundredths of degrees would have to 
be read with precision, and the initial formation of ice noted 
within that range. If  we judge by the aspect of the halogen 
curves and the general continuity in properties between the 
halogen and the oxygen salts, I am inclined to consider the 
two branches discontinuous in all cases. 
The tracings assume, of course, somewhat different positions 
if they are referred to molecular atio instead of to absolute- 
weight ratio. Without determining each tracing for all its 
intermediate values, we may join by straight lines the points 
representing the molecular solubility at 0 ° with the molecular 
value of the cryohydrate. While each of these lines is, of 
cours% parallel to the corresponding line derived from fig. 1, 
being got by determining its extremities by division of the 
p.ercentage by .the molecular, weight, such division necessarily 
brings those hnes relatively further towards the left whose 
salts have heavy molecules. The extreme points of the lines 
are got by dividing the percentage values of fig. 1 by the 
molecular weights and multiplying by 100. I know no pro- 
perry of the salts here under examination which would have 
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enabled us to predict he position and inclination of these lines. 
Neither are the water-worths of the salts as cryohydrates nor 
their solubilities in water at 0 ° C. in any obvious accord with 
their known properties. 
[To be continued.] 
XLIV. On ttte Proof of tIte Second Law of Thermodynamics. 
By R. C. NIc~oLs *. 
I N the last January Number o£ the Philosophical Magazine appeared two papers intended to demonstrate what is 
called the second law of thermodynamics, or the principle of 
Carnot and Clausius, by showing that the differential of the 
quantity of heat communicated to a gas, and thereby causing 
work to be done, divided by the temperature, is an exact d i f  
ferential. The paper of Mr. Burbury proceeds upon the basis 
of the theory of Boltzmann, and demonstrates that this conclu- 
sion can be deduced from Boltzmann's resulfs by a simpler pro- 
cess than that made use of by M. Boltzmann himsel£ That 
of M. Szily proposes to establish the same conclusion upon no 
other assumption than the fundamental principle of the con- 
servation of energy. 
To M. Szily's argument I have to offer the following objec- 
tion. He says (p. 29) :~"  In a definite passage out of (~0v0) 
into ($1~1) the quantity of energy is a certain function of the 
time, The passag% however, fi'om the same initial to the same 
final state, by the same path, can, with respect to tim% be 
executed quite arbitrarily ; consequently ~e is a different func- 
tion of the tim% according to" the velocity of the importation 
of energy. By suitably selecting this velocity, any indefi- 
small value whatever may be assigned to "llt~edt. Let hilly 
ot~6 dt-- t ~Q.,, 
Upon this I have to remark that 8~ is in this sense adifferent 
function of the time according to the velocity of the importa- 
tion of energy--that i is a function, not of the absolute time, 
hut of the proportion of the whole time which as elapsed ; so 
that 8edt or 8~t is a quantity which varies as t. On the 
other hand~ Q being~ as already stated~ absolutely independent 
oft, t~Q likewise varies as t. Unless therefore ~Q = 8e~ forwhich 
* Communicatedby the Author. 
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